Stable and convective boundary layers over a very rough surface have been studied in a thermally-stratified wind tunnel. Artificial thickening by means of spires was used to accelerate the formation of a sufficiently deep boundary layer, suitable for urban-like boundary layer flow and dispersion studies. For the stable boundary layer, the methodology presented in Hancock and Hayden (2018) for low-roughness offshore surface conditions has been successfully applied to cases with higher-roughness. Different levels of stratification and roughness produced modifications in the turbulence profiles of the lower half of the boundary layer, but little or no change in the region above. Data for a stronger stability case suggested that the employed spires may not be suitable to simulate such extreme condition, though further studies are needed. The results were in reasonably good agreement with field measurements. For the convective boundary layer, great attention was given to the flow uniformity inside the test section. The selection of a non-uniform inlet temperature profile was in this case found not as determinant as for the stable boundary layer to improve the longitudinal uniformity, while the application of a calibrated capping inversion considerably improved the lateral uniformity. The non-dimensional vertical profiles of turbulent quantities and heat fluxes, did not seem to be influenced by roughness.
purpose seven spires 986 mm high, 121 mm wide at the base, and 4 mm wide at the top, spaced laterally 500 mm, were designed according to Irwin's procedure 121 (Irwin, 1981) . For all the investigated cases the same roughness element type 122 was employed.
123
Mean and fluctuating velocity measurements were performed by a two- 
Measurement scaling
According to the Monin-Obukhov theory (Monin and Obukhov, 1954) , the
is the most appropriate stability parameter for the surface layer (SL), defined 
where z = z − d to include the contribution of the displacement height d, while 
In the present work, the parametric equations for φ m and φ h for SBL and 
which are coherent with the forms obtained from field data and summarised in 174 Högström (1988) . Forms similar to Eqs. 6 have been found to provide a good 175 fitting also in Hancock and Hayden (2018) . Substituted into Eqs. 3 and 4 they 176 lead to the following relations for SBL
and for the CBL
The Monin-Obukhov theory also links the value of the gradient Richardson number (Ri = g(∂Θ/∂z)/[Θ 0 (∂U/∂z) 2 ]) to the scaling ratio ζ using
While the bulk Richardson number Ri b is here calculated as
where Θ δ and U δ are, respectively, the mean temperature and mean streamwise the height at which wθ experiences a minimum (Stull, 1988 
as summarised by, e.g., Kaimal and Finnigan (1994 and so allowing the air to be cooled by the floor for a different amount of time.
275
The second parameter to be considered is the length of uncooled floor after resulting profile is shown in Fig. 3a and hence referred to as "Natural". trend in the bottom part ( Fig. 3c) a peak is present in the middle region for 315 the 2/5 case (and it would be even worse approaching the "natural" gradient).
316
The peak is quite reduced for the 3/10 case and disappears for the 1/5 and 317 the uniform profile. However, as compromise, the 3/10-reduced version of the to match a Ri b of 0.14 in all three cases. Eq. 12 for the same height for which the fitting is verified between the log- Ri was calculated using Eq. 12). 
370
The conclusion drawn from this data is the confirmation that for an ar- the average profile less than ±0.5% on U mean and less than ±5% for the other 387 quantities shown (except for the vertical length scale which differs up to 18%).
388
In Fig. 6 the mean velocity reaches a maximum and the Reynolds shear stress Hayden, 2018).
401
The reduction of turbulence due to stratification involves the entire BL and A fifth case is also added, generated with the same settings of the third, but found to be larger than the higher-roughness case with similar stability.
418
Among the three high-roughness stable cases, the largest differences in turbu- The standard error on mean U and Θ was less than ±1%, around 5% for ature controls some considerations on the floor heater mats must be discussed.
473
As already mentioned, the laboratory employs 2950 mm long rectangular heater 474 panels, so that when placing them transversally on the floor, the last 275 mm 475 on both sides are not heated (being the test section 3500 mm wide). In the past,
476
Perspex panels were placed within the test section to reduce its width, but this necessary to obtain a sufficiently developed CBL. However, the improvements 501 were generally difficult to appreciate and hard to separate from the experimental 502 scatter. Moreover, applying a negative inlet gradient was found to worsen the 503 lateral uniformity (at least in the present case). Fig. 9 shows the lateral profiles 504 of Reynolds shear stress, temperature variance and mean streamwise velocity 505 for different inlet gradients. Three cases were considered: uniform temperature,
506
"full gradient" from the direct application of the method and half gradient. The 507 turbulence is less laterally uniform in the "full gradient" case in both graphs.
508
While the Reynolds shear stress graph shows comparable results for the half 509 gradient and uniform cases, the latter presents a slightly better uniformity in while mean velocity (Fig. 9d ) and temperature profiles (not shown) seem not to 513 be affected.
514
A capping inversion is a characteristic part of the CBL. Some previous stud- mean velocity in the centreline with the ones in the sides (Fig. 11) .
534
The length of unheated floor after the inlet did not affect the CBL as it Table 3 .
546
The streamwise mean velocity profile is greatly modified by the stratification:
547
Eq. 10 readily fits with the bottom region, up to a sharp "knee" at z ≈ 150 mm, The aerodynamic roughness length does not seem to be affected by the different 552 stratification (being 2.0 mm for both CBL and NBL), while z 0h has a value sim- 
Eq. 15, in particular, is used here to estimate the BL depth δ by fitting with the w 2 profile (Fig. 12b) : the value of 1.3 m provides a reasonable fitting. Fedorovich, E., Rau, M., Kaiser, R., Plate, E., 1996. Wind Tunnel Study of
